) was investigated in a healthy active duty military sample. Four hundred and nineteen Service Members were randomly assigned to take one NCAT and 215 returned after approximately 30 days for retest. Participants deemed to have inadequate effort during one or both testing sessions, according to the NCATs scoring algorithms, were removed from analyses. Each NCAT had at least one reliability score (intraclass correlation) in the "adequate" range (.70-.79), only ImPACT had one score considered "high" (.80-.89), and no scores met "very high" criteria (.90-.99). However, overall test-retest reliabilities in four NCATs in a military sample are consistent with reliabilities reported in the literature and are lower than desired for clinical decision-making.
The use of neuropsychological assessment can be a valuable tool in the proper treatment of Service Members with TBI-related cognitive impairment (McCrory et al., 2009) , as well as in tracking the course of recovery after mTBI (Iverson, Brooks, Collins, & Lovell, 2006) . However, most of the available tests are time intensive and require one-on-one interaction with a Neuropsychologist or trained psychometrist. Traditional methods to assess Service Members with mTBI pose logistical challenges due to the large number of Service Members deploying and the difficulties with administering these tests in combat zones during the acute injury period.
In May 2007, a TBI task force was chartered by the Surgeon General of the Army. This TBI Task Force recommended the implementation of pre-deployment (baseline), post-deployment, and post-injury/exposure neurocognitive evaluations using the Automated Neuropsychological Assessment Metrics (ANAM; US Army Traumatic Brain Injury Task Force, 2007) .
The ANAM is one of many computerized neurocognitive assessment tools (NCATs) currently available. NCATs have been proposed as an alternative to traditional neuropsychological testing, at least for use during acute injury periods. NCATs have existed for several decades and have been used for the assessment of a wide range of clinical, neurological, and psychiatric issues, including mTBI assessment (Bauer et al., 2012) . NCAT batteries can be advantageous as they are often easier, faster, and less expensive to administer, allow rapid availability of results, provide potentially increased sensitivity and precision on timesensitive tasks, and allow for the testing of large groups of people in one session (Bauer et al., 2012; Collie, Darby, & Maruff, 2001; Gualtieri & Johnson, 2005; Leposavic, Leposavic, & Saula-Marojevic, 2010; Lovell & Collins, 2002; Schatz & Browndyke, 2002; Schatz & Zillmer, 2003) . However, though large group testing still frequently occurs in military and athletic settings, recent research suggests that testing in a group setting may negatively affect scores (Moser, Schatz, Neidzwski, & Ott, 2011) .
NCATs are frequently used to establish cognitive baseline for athletes before the playing season that can be used to compare with clinical examinations following concussion. The implementation of widespread cognitive testing with NCATs by many sports leagues suggests the feasibility of their use in large military populations. Section 1673 of the National Defense Authorization Act of 2008 (United States House of Representatives. H.R. 4986, 2008) required the Secretary of Defense to establish a protocol for the assessment and documentation of cognitive functioning of deploying Service Members to facilitate the assessment of post-deployment cognitive functioning. In response, the Assistant Secretary of Defense for Health Affairs directed the Military Departments to administer the ANAM tool before deployment.
Though research has progressed in the past 10 years, NCATs used for the screening of mTBI-related cognitive dysfunction are in the early stages of clinical test development and validation. With existing research, it is difficult to directly compare the psychometrics of NCATs due to the unique characteristics of each battery. These include the use of different cognitive tests, different computer user interfaces, different types of stimuli, and computation of composite scores from different combinations of subtests. In addition, studies often differ in research methodology, such as sampling from different populations (e.g., high school athletes, college athletes, Service Members, etc.), defining mTBI differently, and using different statistical methods in analyses. Thus, it is difficult to discern the relative contribution of test differences versus the contribution of study design differences in the varying psychometric properties of NCATs reported in the literature. Since many commercially available NCATs exist, it is important to determine the relative strengths of the psychometrics of available NCATs. This will require further study of the psychometric properties of the ANAM and other available NCATs currently used in the assessment of individuals with mTBI.
Validity and test-retest reliability are the fundamental psychometric characteristics that should be established in each NCAT. Validity refers to the ability of the test to accurately measure the domains it is purported to measure. Test-retest reliability is the extent to which the test produces consistent results across multiple administrations to the same individual. A test cannot be valid if it is not reliable, and therefore, reliability should be established before making conclusions about a test's validity. Test-retest reliability is measured as an association between the scores obtained by a single examinee taking the same test on two or more different occasions, typically reported as the reliability coefficient Pearson's r or intraclass correlation (ICC). Though the Pearson correlation coefficients have been traditionally used as a measure of test-retest agreement, this statistic is generally meant for measuring linear relationships between groups or variables of different "classes" and does not account for the individual variations in scores. ICC coefficients are better suited for measuring the relationship between different measures of the same construct and does account for individual variability. Test-retest reliability coefficients at or greater than 0.90 are considered very high and preferred for clinical decision-making, 0.80 -0.89 are considered high, 0.70 -0.79 are considered adequate, 0.60 -0.69 are marginal, and 0.59 or lower are considered low (Lezak, Howieson, Bigler, & Tranel, 2012) . With adequate or higher test-retest reliability, the examiner will have greater confidence that changes in the examinee's score are the result of changes in the trait being measured rather than changes due to the instability of the test.
Reported test-retest reliability coefficients in the existing NCAT literature vary from the low to high ranges. For example, in test-retest studies of CNS-Vital Signs, with a mean 67-day interval between testing (range of 1 -282 days), the Pearson r coefficients (Spearman's rho for tests not normally distributed) varied between.31 and.87 for the various subtests and index scores of the battery, with scores of speed and reaction time having the highest correlations between time 1 and time 2 (Gualtieri & Johnson, 2006) . Test-retest reliability for the ANAM, based on a mean 166.5-day interval (SD ¼ 75.6), found similar Pearson correlation coefficients of .38 -.87 for the subtests of the ANAM (Cernich, Reeves, Sun, & Bleiberg, 2006) . ICC coefficients for CogState subtests varied between .69 and .82 for speed scores and .31 and .51 for accuracy scores after a 1-week delay between testing periods (Collie et al., 2003) . The Pearson correlation coefficients for the indices of the Immediate Post-Concussion Assessment and Cognitive Test (ImPACT) in a sample of healthy adolescents and young adults, after an average 5.8-day interval (SD ¼ 3.0), ranged from .67 to .86, with Reaction Time and Processing Speed demonstrating the highest reliability (Iverson, Lovell, & Collins, 2003) . An approximately 1-year test-retest interval (range of 0.5-2.35 years) in high-school athletes using ImPACT resulted in ICC coefficients ranging from .62 to .85, again with Reaction Time and Processing speed as the scores with the highest ICC coefficients (Elbin, Schatz, & Covassin, 2011) . When the test-retest interval was extended to 2 years (M ¼ 1.9, SD ¼ 0.6) using the ImPACT, Schatz (2010) found ICC coefficients ranging between .43 and .74, with Processing Speed scores demonstrating higher reliability. These studies illustrate the variability in test-retest reliability coefficients within and across NCATs as well as the variability in methods of investigating test-retest reliability, making it difficult to compare NCATs across studies. Single studies of multiple NCATs are needed for adequate comparisons to better inform medical providers and policy-makers in making decisions about the best NCATs to use.
The only study to date investigating the test-retest reliability of multiple NCATs is by Broglio, Ferrara, Macciocchi, Baumgartner, and Elliott (2007) . They compared the test-retest reliability of three computerized batteries (ImPACT, Concussion Sentinel, and Headminder Concussion Resolution Index) by administering them to healthy college students at three time points: Baseline, 45, and 50 days post-baseline. Results of this study suggested that the test-retest reliability of many of the indices and subtests from these batteries was below the recommended values for minimally acceptable test-retest reliability. Specifically, ICC coefficients ranged between .15 and .39 (baseline to day 45) and .39 and .61 (days 45-50) for ImPACT, .23 and .65 (baseline to day 45) and .39 and .66 (days 45 -50) for Concussion Sentinel, and .15 and .66 (baseline to day 45) and .03 and .66 (days 45-50) for Headminder. Though results indicated some batteries performed better than others, there was a considerable amount of variability in test-retest reliability within batteries, failing to offer clear evidence about a psychometrically superior NCAT. Additionally, Schatz, Kontos, and Elbin (2012) criticize the methodology employed by the Broglio and colleagues. Specifically, Schatz and colleagues raise concerns about administering multiple NCATs in close succession. Eonta and colleagues (2011) reported on "interference effects" in their test -retest study of the ANAM, where a decline in scores was seen in testing sessions immediately following an earlier session. Schatz and colleagues also raise concerns about the number of participants removed for poor effort in the Broglio and colleagues study, as the proportion was significantly higher than in the normative groups. Finally, only ICCs were reported; Schatz and colleagues claim that additional association measures, such as Pearson's r, Reliable Change Indices (RCIs), and Regression-Based Measures, should be reported as well.
The duration between baseline and posttest assessments can be a confounding factor in establishing test-retest reliability. Investigators of ImPACT found that test-retest reliabilities are relatively stable over long periods of time (e.g., 1 -2 years) and may be more stable than 1 -2-week intervals (Elbin et al., 2011; Schatz, 2010) . However, Broglio and colleagues' (2007) findings suggest a shorter duration (i.e., 5 days) results in higher test-retest reliabilities than a longer duration (i.e., 45 days), though practice effects may account for improvements in reliability between the second and third administrations of the tests.
In designing studies of test-retest reliability, it is both the characteristics of the trait being measured and the intended use of the test that dictates the duration between administrations. In the military, Service Members are administered predeployment screenings that may occur up to a year before a potential injury could occur during the subsequent deployment. If an injury occurs, Service Members may be administered the NCAT multiple times within a few weeks until they return to baseline levels of performance, similar to assessment procedures used with athletes. Specific recommendations regarding the duration between test administrations have indicated that waiting as long as a year is likely too long and that a few weeks may be the ideal time between administrations (Marx, Menezes, Horovitza, Jones, & Warren, 2003) . This recommendation is consistent with the clinical course of concussion/mTBI as most symptoms typically resolve within 1 -2 weeks (Alexander, 1995; Belanger et al., 2005; Bigler, 2008) . Since the military is using NCATs to track recovery following concussion to assist with return to duty decisions, the shorter duration (e.g., a "few weeks") is of interest in this current investigation.
Another possible confounding factor in establishing test-retest reliability is practice effects. Like interference effects, described by Eonta and colleagues (2011) , where performance is affected by repeated administrations, practice effects involve improvements in performance with repeated administrations of a test. Practice effects can be estimated, and failing to control for them could result in artificially low estimates of test-retest reliability.
Poor effort on assessments can also be a significant contributing factor to a patient's symptom profile and should be accounted for in evaluations of those symptoms (Lange, Iverson, Brooks, & Rennison, 2010) . In assessment of military personnel, an individual may put forth suboptimal effort for secondary gain, such as avoiding hazardous duty or receiving medical benefit pay. Suboptimal effort can influence test-retest reliability and lead to erroneous conclusions regarding the test's psychometric properties. Failure to take effort into consideration could result in misguided decisions regarding a Service Member's fitness for duty. Assessing for the effort of the test taker is a critical component of any neuropsychological evaluation. As such, most NCATs include effort indicators derived from algorithms that determine if the participant's performance was consistent with someone putting forth adequate effort on the tests.
The lack of directly comparable psychometric data in the currently available literature regarding NCATs used for mTBI assessment highlights the need for studies involving multiple NCAT batteries. Furthermore, given the widespread use of NCATs by the military, the psychometric properties of these batteries need to be established in military populations. The current study seeks to evaluate the test-retest reliability of four NCATs (ANAM4, CNS-Vital Signs, CogState, and ImPACT), in a homogenous sample of healthy active duty military personnel using the same test-retest interval and the same testing procedures for all batteries. This will allow for more direct comparisons of the reliability of these assessment tools that is useful for military health policy-makers and clinicians as well as those outside of the military who may need to choose the one that is best suited for their specific clinical or research needs.
Methods

Participants
Active duty Service Member volunteers (n ¼ 419) were recruited from replacement units at Fort Bragg to which they are temporarily assigned upon in-processing to the base. Participants were enrolled until a target number of at least 50 Service Members returning for retest for each NCAT was achieved. Fifty cases were required for sufficient power to detect an association of 0.38 or higher between time 1 and time 2 (two-tailed, a ¼ 0.05). Service Members who self-reported head injury in the 6-month period prior to testing or in between time 1 and time 2 testing sessions were not eligible to participate.
Testing Sessions Time 1. Participants were recruited during a briefing conducted by the Defense and Veterans Brain Injury Center regarding concussion education, a component of in-processing. Participants indicating an interest to participate were informed of study procedures, then read and signed the consent form approved by the Womack Army Medical Center's Institutional Review Board and the U.S. Army Medical Research and Materiel Command's Human Research Protections Office. Participants logged onto computers where each was assigned a random study ID number and presented with questionnaires collecting demographic, military history, and medical information. After completing these questionnaires, they took the TBI battery for one of four NCATs (CNS-Vital Signs, ANAM4, CogState, or ImPACT), as determined by the random assignment upon logon to the computer system (see Table 1 for specific NCAT information). All tests were administered and scored according to their developers' recommendations. Participants were tested in carefully controlled group conditions: Computer labs with partitions between computers to minimize distractions and headphones for auditory stimuli. The total time to complete consenting, questionnaires, and the randomly assigned NCAT was approximately 45 min.
Time 2. Participants were asked to return approximately 30 days from time 1 testing to complete the time 2 test session, with a window of 21-42 days allowed for the retest. Though 30 days from time 1 testing was the targeted date for return, the 21-42 day window was provided to accommodate Service Members' busy schedules and maximize retention. Upon their return, participants updated any relevant information on demographic and medical questionnaires and took the same NCAT they were assigned at time 1 testing. All four NCATs provide an alternate version for follow-up assessments, created by the random selection of stimuli built-in by the NCAT developers.
Statistical procedures. All statistical procedures were conducted by a neutral third party statistical consulting company working with a de-identified and blinded database to protect against possible bias (i.e., NCAT names and specific variable labels were replaced with generic variable names) in order to prevent the identification of the NCATs during analyses. Chi-square and paired samples t-tests were used to determine equivalence between individuals failing to return for time 2 and those completing both testing sessions as well as between groups taking each NCAT. The Pearson correlation coefficients (r) were calculated as an indicator of the linear relationship between measurements at time 1 and time 2 and were used in the reliable change analyses described below. The SAS software procedure GLM was used to calculate ICC coefficients to estimate the test-retest reliability between NCAT scores at time 1 and time 2. This procedure partitions the variability in the observed scores into within-person variance and between-person variance, where the ICC coefficient is the ratio of the between-person variability to the total variance. ICC analyses produce values between 0 and 1, with values closer to 1 indicating less error variance and stronger test-retest reliability. Reliabilities were evaluated using the previously described criteria (Lezak et al., 2012) . The NCAT scores evaluated in test-retest reliability analyses were routinely recommended by each NCAT developer (Table 1) . For ImPACT and CNS-Vital Signs, standardized index scores for the primary cognitive domains measured by each battery were used. For CogState, z-scores for each subtest as well as a total composite score were used. For ANAM4, "Throughput" scores, calculated from reaction time and accuracy, for each subtest were used. All NCAT scores were generated automatically by computerized algorithms using proprietary formulas and normative data built into each NCAT by its developer.
RCIs were also calculated for each individual across all NCAT scores from time 1 to time 2. The RCI is a method for determining if changes in scores across test sessions are beyond what would be expected by chance. The modified formula for the RCI presented by Moritz, Iverson, and Woodward (2003) was used for these analyses, as this formula corrects for potential practice effects. A 95% confidence interval was used in determining reliable change, indicating that by chance approximately 5% of all scores were expected to show changes greater than the calculated RCI.
Participant effort was also assessed using statistical algorithms built-in to each NCAT by its developer. For each NCAT, a score was generated indicating if the participant's effort was considered adequate, thereby whether test results were credible. In all cases, the NCATs have minimal scoring criteria (e.g., minimal accuracy or reaction/response time) that must be met across multiple subtests for performance to be considered effortful. Failure to meet those minimal scoring criteria is deemed to represent poor effort thereby invalidating one's test results. Participants identified as having inadequate effort on either or both testing sessions were removed from analyses.
Results
Of the 419 participants enrolled in the study, 3 withdrew during initial testing before completion due to frustration with the tests (2) and lack of time to complete the testing session (1). These data are not included in analyses. Overall, 215 participants (56 CNS-Vital Signs, 52 ANAM4, 57 CogState, and 50 ImPACT) completed both time 1 and time 2 test sessions (51% retention rate). Recruiting in-processing soldiers proved challenging for retention, as they often became too busy to return or difficult to contact again after integrating into their permanent units. The mean duration between time 1 and time 2 was 32 days (SD ¼ 4.5), median was 31 days, with a range of 21-42 days. The duration between time 1 and time 2 was not significantly different between the four NCATs. No participant sustained a concussion or any other significant health-related event during the study. Seventeen participants were flagged for poor effort on CNS-Vital Signs, two on ANAM4, four on CogState, and six on ImPACT. Data from these participants were not used in subsequent analyses.
The participants with complete data were predominantly men and White, and many had completed either some college coursework or at least a 4-year degree. Approximately half were enlisted Service Members and half warrant or commissioned officers ( Table 2 ). The group of soldiers completing both test sessions had more women and more officers and were slightly more educated than the group only completing time 1 testing. Officers likely have more flexibility in their schedules, allowing them to return for the retest session more easily. As a group, officers are comprised of more women and are more educated (i.e., college degree) than enlisted Service Members. The groups of Service Members completing each NCAT were not statistically different from each other. The mean and the standard deviations for each domain/composite score of interest at time 1 and time 2 from those with valid data at both sessions are presented in Table 3 for ANAM4, Table 4 for CNS-Vital Signs, Table 5 for CogState, and Table 6 for ImPACT. The test-retest reliability ICC coefficients for each output score from time 1 to time 2 are also in these tables. Across all NCATs, 26 individual composite or domain scores were examined. In participants putting forth adequate effort, no scores met the criteria of "very high" test-retest reliability (≥0.90), only 1 score met criteria for "high" reliability (0.80 -0.89), and 10 met the criteria for adequate reliability (0.70-0.79). Only one NCAT (ImPACT) had a score with high reliability (0.80 -0.89). The remaining three NCATs each had at least two scores with adequate reliability (0.70-0.79). Each NCAT also had at least one score that did not meet adequate reliability criteria. CogState had the highest proportion of scores that met at least adequate reliability (80%). CNS-Vital Signs, ANAM4, and ImPACT each had less than one third of their scores meet at least adequate reliability. Of note, ICC coefficients were similar between officers and enlisted with the exception of Code Substitution on the ANAM4 (officers had a higher ICC coefficient) and Verbal Memory on ImPACT (enlisted had a higher ICC coefficient).
Of note, out of the 11 total scores that were in the adequate or higher range, 8 scores were from subtests/domains that involved response speed (e.g., reaction time, processing speed, or some other speeded aspect) to the test. Only six scores involving response speed were not in the adequate or higher range, with five of those from ANAM (i.e., Throughput scores) and the other from CNS-Vital Signs (Processing Speed).
Pearson's r and the standard error of the difference (Sdiff) score used to calculate the RCI are also reported in Tables 3 -6 . The Pearson coefficients were very similar to ICC coefficients. The RCI generally indicated an expected number of individuals displayed "reliable change" across all subtest/index scores. Specifically, all subtests had between 0 and 5 participants displaying significant change, with most subtests/indices at 5% or fewer participants (i.e., expected chance levels) and none at more than 10%.
Discussion
This study was designed to allow for direct comparisons of the test-retest reliability of four computerized NCATs (ANAM4, CNS-Vital Signs, CogState, and ImPACT) by using the same military population, the same testing environment, and the same clinically relevant test-retest interval. Although the study sample was not truly representative of the demographic make-up of all active duty Service Members, the groups were similar across NCATs. Inadequate effort was also controlled for in the data by computerized algorithms recommended by each NCAT company. The data from the current study reveal a wide range of testretest reliabilities within and across NCATs, with coefficients ranging from the low range (0.22) to the high range (0.83). This is generally consistent with the existing literature on these tests (Broglio et al., 2007; Cernich et al., 2006; Collie et al., 2003; Elbin et al., 2011; Gualtieri & Johnson, 2006; Iverson et al., 2003; Schatz, 2010) . Although the reliabilities varied within and across the NCATs, four of the five scores from CogState had adequate reliability, and less than one third of the scores from CNS-Vital Signs, ANAM4, and ImPACT had adequate or better reliability. Across all four NCATs, tests of response speed appeared to have higher reliability coefficients than tests of accuracy. There are indications that reaction time data may be the most promising score derived from computer testing (Coldren, Russell, Parish, Dretsch, & Kelly, 2012; Eckner, Kutcher, Broglio, & Richardson, 2013 ). An advantage of NCATs over traditional tests is the ability to accurately and precisely measure response speed, and this may be reflected in the psychometric properties of timed tasks. However, not all NCATs measure response speed or incorporate response speed in composite scores in the same manner, again contributing to the difficulty in direct comparisons.
Overall, test-retest reliabilities reported in the literature and the current study suggest that computerized NCATs are less reliable than suggested for clinical use. If treatment algorithms required Service Members to return to baseline levels of performance, there is increased risk for false positives or false negatives. Specifically, some individuals could be returned to duty prior to full recovery, and conversely, some fully recovered individuals may be unnecessarily held out of duty. Clinicians using these tests should carefully consider the impact of lower-than-desired test-retest reliability. As Broglio and colleagues (2007) recommended, a battery of different neurocognitive tests is recommended to account for weak psychometric properties one test may have. In addition, clinicians should consider incorporating assessments from other functional domains, such as visual tracking and vestibular functioning/balance testing (Anderson, Heitger, & Macleod, 2006; Galetta et al., 2011; Heitger et al., 2009; McCrea, 2008; Riemann & Guskiewicz, 2000) as well as other symptoms, such as headache, dizziness, and so on. It may be that the computerized screening of cognitive domains should not be held to the same psychometric standard as traditional Neuropsychological testing. Computerized NCATs have the capability of precisely and accurately measuring constructs such as reaction time to hundredths of seconds and, therefore, may be more sensitive to changes in performance due to state variables (e.g., fatigue, pain, testing environment, etc.) than traditional tests may be. Though tests involving reaction time had some of the highest reliabilities, they were still only within the adequate to high ranges at best. Given the high level of measurement precision for some constructs, it may be unreasonable to expect reliability coefficients above 0.90 on NCATs. These tests may also be more sensitive to practice effects, resulting in improvements in scores from administration to administration and thus lower testretest reliability. Therefore, multiple administrations are required before test-retest reliabilities level off and improve to clinically acceptable levels (Eonta et al., 2011) . Future studies in military populations should account for prior administrations of tests such as ANAM4 or ImPACT that were conducted for military or medical purposes. The lack of this information in the current study is viewed as a potential limitation.
Despite less than desired test -retest reliabilities, NCATs may continue to be clinically meaningful. Recent research suggests that comparisons to clinical norms are as meaningful, if not more so, than baseline comparisons (Echemendia et al., 2012; Randolph, 2011; Schmidt, Register-Mihalik, Mihalik, Kerr, & Guskiewicz, 2012) . Utilizing norms as opposed to baseline assessments could help make better clinical decisions in light of current test-retest reliabilities of NCATs. Also, Schatz and colleagues (2012) have recommended alternative ways of assessing a test's stability over time, including the RCI, reported in this study. RCI analyses indicated generally acceptable rates of reliable change between time 1 and time 2 for all four NCATs. However, no matter how much intraindividual variability exists within a set of repeated measures, the RCI is designed to identify only those individuals whose change in scores between time 1 and time 2 is so large that it is highly unlikely to be due to the measurement error thereby indicating with a high degree of probability that a clinically meaningful amount of change has occurred (Schatz, 2010) . This renders the RCI problematic as a measure of test-retest reliability (Mayers & Redick, 2012) and likely accounts for the often contradictory findings between the ICCs and RCIs observed in this study. Therefore, alternative measures such as the RCI may be more useful as clinical tools, when there are established norms, rather than measures of reliability. Future studies should seek to establish test-retest reliabilities in a sample that is truly representative of active duty Service Members by including proportionally more enlisted Service Members and expanding to other branches of the military. Also, a variety of clinically meaningful test-retest intervals should continue to be evaluated. This would include longer intervals (e.g., months to 1 -2 years) to simulate predeployment baseline assessments and subsequent injuries while deployed, as well as shorter intervals (e.g., days to weeks) to simulate post-injury assessments. Alternative methods for assessing stability, such as the RCI, should continue to be investigated for their clinical utility in NCATs.
This study also suggests that a deeper investigation of the construction of individual subtests is needed. As discussed above, subtests that are influenced heavily by reaction time and processing speed, and specifically scores that combine reaction time and accuracy, may be more psychometrically sound and clinically meaningful. Also, aggregate scores, calculated by combining scores across multiple domains or indices, may prove more stable across time as they factor out within-test fluctuations that could heavily influence scores on individual subtests and composites. In addition, the test setting should be considered, especially as there is emerging evidence that testing in large groups may negatively affect baseline scores and thus impact test-retest reliability, especially as follow-up testing (i.e., post-injury testing) is often conducted individually (Moser et al., 2011) . Finally, some subtests may be improved with changes to the presentation format. For example, test proctors noted several subtests in which participants asked about the task instructions, with such queries often coming midway through the task. One subtest in particular on CNS-Vital Signs seemed to result in the most confusion for participants and may have largely accounted for the larger number of participants flagged for inadequate effort on CNS-Vital Signs. Small changes such as practice blocks with corrective feedback could eliminate such problems without significant additional burden to the test takers or proctors, while improving the psychometrics of the test. However, in all situations, considerations should be given to what is gained in test-retest stability, as clinical meaningfulness may be lost.
Finally, reliability is only a piece of the psychometric puzzle. A highly reliable test is clinically useless if it is not also valid. In addition to establishing either adequate test-retest reliability or methods of assessing stability that account for testing error, NCATs need to be evaluated for the degree they measure the cognitive domain claimed to measure or adequately identify individuals at risk for mTBI-related problems. Thus, validity studies comparing NCATs to traditional neuropsychological assessments with healthy controls and acutely injured participants are needed.
Funding
This research was supported by the Defense and Veterans Brain Injury Center and conducted with the oversight and support of the Henry M. Jacskon Foundation and Womack Army Medical Center.
Conflict of Interest
The views expressed herein are those of the authors and do not reflect the official policy of the Department of the Army, Department of Defense, or the U.S. Government.
